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Description 
TECHNICAL FIELD 

5 [0001 1 The present invention relates to a glass article with a metal member joined thereto, and a structure of joining 
a glass article and a metal member together. Particularly, the present Invention relates to an adequate junction made 
between a glass article and a metal member using a lead-free solder alloy. 

BACKGROUND ART 

10 

[0002] In order to ensure the driver's view, electroconductive lines (heating wires) are formed as a defogger on the 
surface of a glass sheet to be used for a rear window of a car in some cases. The defogger is supplied with an electric 
current through a feeding metal terminal. This metal tenninal is provided on a bus bar connected to the defogger. In 
some cases, a glass antenna may be used for the rear and side windows of a car. In the case of using the glass antenna, 

13 electroconductive lines are formed, on the surface of a glass sheet. In a pattern (an antenna pattern) corresponding to 
the wavelength to be received. A metal terminal also is provided for the feeding point of this antenna pattern. 
[0003] Generally, the electroconductive line and bus bar are formed by baking a silver (Ag) paste printed onto the 
surface of the glass sheet. The Ag paste normally contains Ag particles, a glass frit, and a solvent. A metal terminal is 
fixed onto the electroconductive coating film formed by baking this Ag paste. Conventionally, a metal terminal is soldered 

20 using a tin-lead (Sn-Pb-based) sokler alloy. Recently, from the viewpoint of environmental protection, it has been de- 
manded to use a lead-free sokter in producing car window glass. 

[0004] hiowever, when a metal terminal is joined to a glass sheet using a lead-free solder alloy, particularly, a Sn- 
based lead-free alloy, the following problems occur. 

[0005] First, the electroconductive coating film may melt and flow into the soldered junction, which may impair the 
2S appearance of the electroconductive coating film. The bond strength also degrades together with the degradation in 
appearance. 

[0006] Second, it tends to be more difficult to ensure the bond strength of the metal terminal as compared to the case 
of using the Sn-Pb-based alloy. This tendency becomes conspicuous when using a metal terminal having a plurality of 
joining planes. 

30 [0007] Third, cracks may occur at the surface of the glass sheet in the vicinity of the soldered junction due to a rapid 
temperature change. Even if the cracks caused in the glass sheet are minute, they should be avoided when consideration 
is given to the long term strength of the glass sheet. This phenomenon also becomes conspicuous when using a metal 
terminal having a plurality of joining planes. 

[0008] In conjunction with the second problem, for example, JP-U-61 (1 986)-371 82 wich was used to draftthe preamble 
35 of claim 1 discloses that the bond strength increased with an increase in soldered joining area. 

DISCLOSURE OF THE INVENTION 

[0009] The Invention provides a glass article with a metal member joined thereto as set forth in claim 1. Preferred 
40 aspects are claimed In dependent claims. The first problems can be soh^ed by an addition of Ag to a Sn-based lead- 
free solder alloy. The addition of Ag improves not only the appearance but also the bond strength. 
[001 0] In order to solve the second problem, a metal terminal was used that had an enlarged joining plane, but thereby 
the bond strength rather decreased. Surprisingly, the bond strength was improved by using a metal terminal with a 
smaller joining plane than conventional one. 
"ts [0011] The third problem can be relieved not by the Increase but the decrease in amount of the solder to be used. 
When the solder was prevented from spreading outside the joining plane, less cracks occurred in the glass sheet. 
[001 2] In the present specification, the "main component* denotes a component that accounts for at least SO mass% 
according to its common use. 

50 BRIEF DESCRIPTION OF DFIAWINGS 

[0013] 

FIG. 1 is a sectional view showing an example of a glass article according to the present invention. 
ss FIG. 2A is a sectional view showing another example of a glass article according to the present invention; FIG. 28 

shows a metal terminal of the glass article seen from its back side; and FIG. 2C is a plan view showing an example 
of a joining plane with another shape of the metal terminal. 

FIG. 3 is a sectional view showing still another example of a glass article according to the present invention. 
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FIG. 4 is a graph showing measurement results obtained In Example 1 . 
FIG. 5 is a graph showing measurement results obtained in Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 

[001 4] Since the Sn-based lead-free alloy lacks flexibility as compared to the SrvPb-based alloy, the junction soldered 
using this lead-free alloy is inferior in the stress relaxation characteristic. Particularly, when there are a plurality of joining 
planes, thermal stress is developed in the in-plane direction In the glass sheet the temperature change caused by 
soldering due to the difference in thermal expansion coefficient t>etween glass and the portion of a metal memt>er that 
10 connects the joining planes to each other. Accordingly, the strength of the glass sheet decreases, and in some cases, 
cracks may occur at the surface of the glass that is a brittle material. Actually, it was confirmed by a tension test of a 
metal member (a metal terminal) that the temninal and the glass sheet were ruptured due to the breakage not of the 
junction soldered using the Sn-based lead-free alloy but rather the inner portion of the glass in the vicinity of the soldered 
junction. 

15 [0015] Thus, it is considered that the thermal stress has some part in both the decrease in bond strength and the 
occurrence of cracks. The former can be prevented by controlling the joining area within a predetermined range, and 
the latter can be prevented tiy controlling the amount of the solder to be used to a degree that does not allow the bond 
strength to decrease considerably. Specifically, it is preferable that the joining area is controlled within the range of 37 
mm2 to 50 mm2, particularly 40 mm2 to 45 mm^. In order to prevent the solder from considerably spreading outside the 

20 joining plane, it is preferable to control the volume Vof the solder alloy to be 1 .0 to 2.0 times the product of the area Sof 
the Joining plane and the thickness Tof the lead-free sokier alloy. In other words, it Is preferable to control the volume 
Vso that the following relative equation holds: 

2s 1,0ST< V< 2.0ST. 

[0016] When the Sn-b£ised lead-free solder alloy containing no Ag is used on an electroconductive coating film con- 
taining Ag that has been formed by baking a Ag paste, Sn contained in the solder alloy and Ag contained in the elec- 
troconductive coating film form a compound. As a result, the electroconductive coating film is corroded. In order to 
30 prevent the appearance of the glass article from degrading due to this corrosion, a Sn-Ag lead-free alloy may be used 
that contains at least 1 .5 mass% of Ag. 

[0017] Another advantage In adding Ag is that the bond strength Increases. The strength of the junction soldered using 
the Sn-Ag alloy increases with an increase in rate of Ag content, but becomes almost constant when the rate of Ag 
content exceeds about 2 wt.%. 

^ [001 8] On the other hand, an excessively high rate of Ag content causes a considerable rise in material cost and also 
raises the liquidus temperature of the alloy. The increase in liquidus temperature causes an increase in soldering tem- 
perature. Hence, the thermal stress increases and thereby the woritability in soldering also deteriorates. When consid- 
eration is given to this, it Is preferable that the rate ofAg content In the Sn-Ag soteler alloy is 5 mass% or less, further 
preferably 4 mass% or less. 

40 [001 9] With respect to the Sn-Ag alloy, when it has an eutectic composition of Sn-3.5Ag (an alloy made of 3.5 mass% 
of Ag and Sn that accounts for the rest), it has the lowest liquidus temperature (221 ° C). In this case, the tip of the sotderirg 
iron has a temperature of 31 0'^C to 320^0. A low temperature of the tip has an effect of relieving of thermal stress caused 
by the difference In thermal expansion coefficient between members to be joined together. In the Sn-3.5Ag alloy, all the 
Ag is present as an intermetallic compound of AggSn. In the Sn-3.5Ag alloy, the precipitating grains do not become large 

^ as compared to the Sn-Pb alloy. This is because Ag atoms do not disperse easily in the solid phase Sn. 

[0020] As described above, a preferable rate of Ag content in the Sn-Ag alloy is 1 .5 to 5 mass%, further preferably 2 
to 4 mass%, and particularly 2 to 3 mass%. This Sn-based lead-free solder alloy having this rate of Ag content Is 
particularly suitable for the purpose of joining a metal member onto the electroconductive coating film formed by baking 
an Ag paste onto the surface of a glass article. This alloy composition brings preferable results regardless of whether 

^ the number of the joining plane is one or more. The Sn-Ag alloy may contain other minor components. In this case, it is 
preferable that the content of the minor components is 0.5 mass% or less. 

[0021] The metal member having at least two joining planes is not particularly limited. For example, however, the 
metal member may be a metal terminal including a leg part having the at least two joining planes and a connection part 
that projects upward from the leg part and is to be connected to a cable. Through this metal terminal, electricity can be 
^ fed to the electrocortductive coating film formed on the surface of the glass sheet. 

[0022] The glass article also is not particularly limited, and for example, a glass sheet may be used that is formed of 
a soda-lime silica composition, as In the conventional case. When it is used for car window glass, the glass sheet suitably 
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is subjected to tempering, bending, or the like. 

[0023] The electroconductive coating film may be at least one selected from an antenna and a defogger. The elec- 
troconductive coating film may be formed by printing and baking a silver paste in a predetermined pattern that is suitable 
for functioning as an antenna and/or a defogger. For the silver paste, a composition may be used that includes silver 
s particles, a glass frit, and a solvent, as is conventionally used for glass articles. Its composition is not particularly limited, 
but as an example, it contains 70 to 85 mas5% of silver particles, 1 to 20 mass% of a glass frit, and 5 to 25 mass% of 
a solvent. 

[0024] Hereinafter, embodiments of the present invention are described with reference to the drawings. 
[0025] In a glass article 1 shown in FIG. 1 , an electroconductive coating film 3 is formed in a predetermined pattern 
10 on the surface of a glass sheet 2. A metal terminal 5 is joined onto the electroconductive coating film 3 with a lead-free 
solder alloy 4. TNs terminal 5 has two joining planes 5a and 5b. a leg part 5c for bridging these joining planes, and a 
connection part 5d that projects upward from the leg part. 

[0026] In FIG. 1 , the lead-free sokier alloy 4 spreads slightly toward the electroconductive coating film 3. The solder 
alloy 4, however, does not spread out considerably from the joining planes 5a and 5b but substantially stays between 
IS the coating film 3 and the joining planes 5a and 5b. In order to diminish the spread of the solder altoy 4, for example, 
the amount of the solder alloy 4, which Is supplied in a state of being applied onto the joining planes 5a and 5b of the 
terminal, may be limited within an adequate range. 

[0027] FIG. 1 shows the terminal 5 formed with a metal portion that forms the connection part 5d being disposed above 
a metal portion that forms the leg part 5c. The shape of the terminal, however, is not limited thereto. For instance, as 
20 shown in FIG. 2A, a terminal 5 may be employed in which a metal portion that forms parts of the connection part 5d and 
the leg part 5c is combined with a metal portion that forms the rest of the connection part 5d and the leg part 5c. Such 
a terminal can be formed with one metal plate being bent. 

[0028] To the connection part 5d of this terminal 5 Is connected a wire 6 having a connector 7 on its end. Through 
this wire, the electroconductive coating film 3 is connected electrically to a power source, an amplifier, etc., which are 
2S omitted In the drawing. As described above, the glass article according to the present invention is suitable for a Junction 
structure in which a cable is connected to the connection part of the metal fitting and this cable and the electroconductive 
coating film are electrically connected to each other, that is. a structure for supplying electricity to the electroconductive 
coating film provided on the glass surface. 

[0029] The shape of the joining planes of the metal terminal is not limited to a rectangle (FIG. 2B) but may be a circle, 
30 an ellipse, a semicircle (FIG. 2C), a triangle, a polygon with five vertices or more, or the like. 

[0030] As described above, the Sn-Ag alloy of the present invention also can t^e used for the junction structure with 
only one joining plane. In this case, for example, a planar terminal 9 can be used that has one joining plane 9a and a 
connection part 9d as shown in FIG. 3. 

35 EXAMPLES 

Example 1 

[0031] The same junction structures as that shown in FIG. 1 were produced. In each of them, soda-lime silica glass 
40 having a thickness of 3.1 mm was used for the glass sheet 2, a Sn-Ag alloy whose Ag content is shown In Table 1 was 
used as the lead-free solder alloy 4. and a terminal formed of a Cu metal sheet was used as the metal terminal 5. The 
areas of the two joining planes of the metal terminal 5 are set to be equal (a ratio of 1 :1 ) to each other and to sum up to 
56 mm^. The electroconductive coating film 3 was formed by screen-printing an Ag paste containing about 80 mass% 
of Ag particles, about 5 mass% of a glass frit, and about 1 5 mass% of an organic solvent, drying it, and further baking 
45 it at about 700''C. 

[0032] The lead-free solder alloy was applied to the joining planes of the metal terminal beforehand. The soldering 
was carried out by applying a flux to the solder alloy, pressing the joining planes of the metal terminal onto the electro- 
conductive coating film, and pressing a soldering iron (with its tip having a temperature of about 310*'G) against the 
terminal. After the completion of the process, it was left at room temperature for 24 hours. 
50 [0033] With respect to each sample thus obtained, its bond strength was measured. The stress caused when the 
terminal was pulled upward (FIG. 1) and thereby the terminal and the glass sheet were ruptured, was employed to 
indicate the bond strength. In addition, the state of a portion of the electroconductive coating film located in the vicinity 
of the junction was checked visually. The appearance of each sample was evaluated by comparison with the case of 
using a Sn-Pb-based solder alloy. The results are shown in Table 1 . 

55 
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Table 1 





Components (mass%) 


Melting Temperature {''C) 


Appearance 


Bond Strength (N) 


Sn 


Ag 


Sample 1A 


The rest 


0.5 


220-235 


D 


245 


Sample 1 B 


The rest 


1-0 


220-234 


C 


333 


Sample 1 C 


The rest 


1.5 


218-231 


B 


471 


Sample 1 D 


The rest 


2.0 


219-229 


B 


529 


Sample IE 


The rest 


2.5 


219-228 


B 


476 


Sample 1 F 


The rest 


3.0 


220-225 


B 


515 


Sample 1 G 


The rest 


3.5 


220-222 


B 


494 


Sample 1 H 


The rest 


4.0 


220-228 


B 


478 


Sample 1 1 


The rest 


5.0 


220-244 


B 


503 


Sample 1J 


The rest 


6.0 


220-257 


B 


457 


Sample 1 K 


The rest 


7.0 


220-268 


B 


482 


In each column of the melting temperature, the numbers on the left and right sides indicate a solidus 
temperature and a liquidus temperature, respectively. 

The appearance was evaluated with A standing for "superioi*. B "equivalent", C "slightly inferior", and D 

"considerably inferior". 



[0034] In the test of the tx^nd strength, rupture took place inside the glass in all the samples. In the electroconductive 
coating films of Samples 1 A and 1 B, which contain less than 1 .5 vvt.% of Ag, their appearances degraded due to the 
"silver corrosion phenomenon". 

[0035] The relationship between the rate of Ag content and bond strength is summarized and shown In FIG. 4. The 
bond strength Increases until the rate ofAg content increases up to around 1 .5 to 2 wt.% but becomes almost constant 
when it exceeds 2 wt.%. 

[0036] Except for Samples 1 J and 1 K. whichcantainmorethan5wt.%of Ag.thesolderalIoyshadaiiquidustemperature 
of 250 °C or lower. In addition, the respective samples had a solidus temperature of 220*^0 or slightly lower. The tem- 
perature characteristics (the liquidus temperature: 230 **C or lower, and the difference between the liquidus temperature 
and the solidus temperature: lO^C or less) of the samples 1 D to 1H are advantageous in reducing the thermal stress 
and shortening the cooling time after soldering. 

Example 2 

[0037] Samples were obtained in the same manner as in Example 1 except that a Sn-Ag alloy was used that contains 
98 mass% of Sn and 2 mass% of Ag, and the total area of the joining planes was set at the values shown in Table 2. 
[0038] With respect to each sample thus obtained, its bond strength was measured In the same manner as in Example 
1 . The results are shown in Table 2. 

[0039] In all the samples, rupture of the junction tool^ place not at the soldered junction but inside the glass. 



Table 2 



Samples 


Total Area of Joining Planes (mm^) 


Bond Strength (N) 


2A 


28 


522.3 


2B 


35 


519.5 


2C 


42 


727.9 


2D 


49 


591.8 


2E 


56 


503.1 



[0040] As is apparent from FIG. 5 showing the relationship between the total area of joining planes (joining area) and 
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the bond strength, the bond strength degrades both in the case where the joining area Is too large and where it is too 
small. TTius, in order to improve the bond strength in the junction staicture in which the terminal having a plural'rty of 
joining planes is fixed with a "hard" lead-free solder alloy, the joining area needs to be designed properly. This proper 
design also brings preferable results from the viewpoint of the reduction In amount of the solder to be used. 

5 

Example 3 

[0041] Samples were obtained in the same manner as in Example 1 except that the amount of the lead-free solder 
alloy 4 provided on the respective joining planes and the total area of the joining planes were set at values shown in 

10 Table 3. With respect to each of n pieces of samples thus obtained, a thermal test was carried out through predetermined 
temperature cydtng, and the state of the glass surface was checked visually every 100 cycles after 200 cydes. The 
temperature cycling was set to include a period of retention for 30 minutes at -30 a period of raising temperature to 
80'*C in three minutes, a period of retention in this state for 30 minutes, and a period of decreasing temperature to -30 ''C 
In three minutes, and thus the thermal cycle test was carried out. The results are shown in Table 3. 

15 [0042] In Samples 3A to 3D and 3F to 3G, no cracks occurred in the glass even when the above-mentioned thermal 
cycle was repeated 500 times. In Sample 3A, the bond strength determined by the tension test carried out in the same 
manner as in Example 1 , however, was lower than that of Sample 30 tiy about 25%. On the other hand, since Sample 
3G had a reduced joining area, its bond strength was higher than that of Sample 3C by about 1 8%. The volumes shown 
in the table were calculated from the mass of the soMer alloy and its specific gravity. 

20 



Table 3 



25 



Samples 


Solder Alloy 


n 


The number of cracks caused by 
themnal test 


Amount 

(g) 


Volume 
(mm^) 


Joining 
Area 


Thickness 
(mm) 


V/ST 


200 


300 


400 


500 


3A 


0.1 


13.6 


Normal 


0.5 


0.5 


2 


0 


0 


0 


0 


3B 


0.2 


27.2 


Normal 


0.5 


1.0 


6 


0 


0 


0 


0 


3C 


0.3 


40.8 


Normal 


0.5 


1.5 


10 


0 


0 


. 0 


0 


3D 


0.4 


54.3 


Normal 


0.5 


1.9 


6 


0 


0 


0 


0 


3E 


0.5 


67.9 


Normal 


0.5 


2.4 


6 


3 


1 


0 


1 


3F 


0.2 


27.2 


Reduced 


0.5 


1.3 


6 


0 


0 


0 


0 


3G 


0.3 


40.8 


Reduced 


0.5 


1.9 


6 


0 


0 


0 


0 


3H 


0.4 


54.3 


Reduced 


0.5 


2.6 


6 


0 


0 


2 


1 


< "Normal* indicates 56 mm^, and "Reduced" denotes 42 mm^. 



40 

INDUSTRIAL APPLICABILITY 

[0043] As described above, the present invention can provide a glass suticle including a junction with a metal member 
that is excellent in strength while using a lead-free sokfer alloy. 



Claims 

1 . A glass article (2) with a metal member (5) joined thereto, comprising: 

an electroconductive coating film (3) formed on at least a part of a surface of the glass article by baking a silver 
pasts that includes Ag particles and a glass frit, 

wherein the metal memt)er (5) comprises a leg part (54) having two joining planes (5a,5b) and bridging the two 
joining planes and a connection part (54) projecting upward from the leg part, and 

wherein the two joining planes of the metal member are fixed onto the electroconductive coating film with a 
lead-free solder alloy containing Sn as a main component, and 

wherein by a tension test in which the metal memt)er Is pulled upward, the glass article and the metal member 
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are ruptured due to the breakage, not of a junction portion soldered using the (ead-free solder alloy, but rather 
an Inner portion of the glass article in the vicinity of the junction portion, characterized in that 
the lead-free solder alloy is an Sn-Ag based alloy that contains 2 to 4 mass% of Ag, and a content of other 
minor components except for Sn and Ag In the Sn-Ag based ailoy is 0.5 mass% or less, and 
5 wherein the Sn-Ag based ailoy has a liquidus temperature of 230*^0 or lower, and the difference of the liquidus 

temperature and a solidus temperature of the Sn-Ag based ailoy Is 1 0°C or iess, and mnr? 
wherein a total area of the two joining planes Is In a range of 40 mm^ to 45 mm^. 

2. The glass article according to claim 1 , 

10 wherein the electroconductive coating film is at least one selected from an antenna and a defogger. 

3. The glass article according to claim 1 or claim 2, 

wherein with respect to each of the two joining planes, a volume of the lead-free solder alloy is 1 .0 to 2.0 times the 
product of an area of the joining plane concerned and a thickness of the lead-free solder alloy, and 
IS wherein no cracks occur in the glass article after 500 times of a thermal cycle, and each thermal cycle consists of 

a first period of retention for 30 minutes at -30** C, a second period of raising temperature to 80** C in three minutes, 
a third period of retention for 30 minutes at 80<^C, and a fourth period of decreasing temperature to -30"C in three 
minutes. 

20 4. A junction structure, comprising a glass article according to claim 1 , 

wherein a cable is connected to a connection part of the metal member, and the cable and the electroconductive 
coating film are connected electrically to each other. 



25 Patentanspruche 

1. Gegenstand aus Glas (2) mit einem damit verbundenen Metallelement (5), umfassend: 

einen elektrisch leitenden Beschichtungsfilm (3), der durch Aufbrennen einer Silberpaste mit Ag-Teilchen und 
30 einer Glasfritte darin auf mindestens einen Tell einer Oberflache des Gegenstands aus Glas ausgebildet ist, 

wot>ei das Metallelement (5) ein Schenkelteil (5c}, das zwei Verbindungsebenen (5a, 5b} aufwelst und die zwei 
Verbindungsebenen ubertsrOckt, und ein Verbindungsteil (5d) umfaBt, das von dem Schenkelteii nach oben 
vorsteht, und 

wobei die beiden Verbindungsebenen des Metallelements mit einer bleifreien Lotlegierung mit Sn als Haupt- 
35 bestandteil darin auf dem elektrisch leitenden Beschichtungsfilm befestigl sind, und 

wobei bei einer Spannungsprufung, bei der das Metallelement nach oben gezogen wird, der Gegenstand aus 
Glas und das Metallelement auf Grund des Zerbrechens nichteines mit Hilfe der bleifreien Lotlegierung geldteten 
Verbindungsabschnitts, sondern eher eines inneren Abschnitts des Gegenstands aus Glas in der Nahe des 
Vert>indungsat>schnitts zerbrechen, dadurch gekennzelchnet, daB 

die bleifreie Lotlegierung eine 1-egierung auf Sn-Ag-Basis ist, die 2 bis 4 Masse-% Ag enthSIt, und ein Anteil 
anderer kleinerer Bestandteile auBer dem Sn und dem Ag in der Legierung auf Sn-Ag-BasIs 0,5 Masse-% Oder 
wenlger betragt, und 

wobei die L^egierung auf Sn-Ag-Basis einen U'quiduspunkt von 230" C Oder darunter aufwelst und die Differenz 
des Uquiduspunkts und eines Soliduspunkts der Legierung auf Sn-Ag-Basis 10°G Oder wenlger betrSgt und 
4S wobei die Gesamtflache der zwei Verbindungsebenen im Bereich von AOmm^ bis 45m m^ liegt. 

2. Gegenstand aus Glas nach Anspruch 1 , 

wobei der elektrisch leitende Beschichtungsfilm zumindest eine Antenne Oder ein Defroster Ist. 

50 3. Gegenstand aus Glas nach Anspruch 1 oder Anspmch 2, 

wobei ein Volumen der bleifreien Lotlegierung in bezug auf jede der tieiden Verbindungsebenen das 1 ,0-fache bis 
2,0-fache des Produkts eines Berelchs der betreffenden Verbindungsflache und einer Dicke der bleifreien Lotlegie- 
rung betragt, und 

wot>ei In dem Gegenstand aus Glas nach einem 500-mallgen Warmezyklus keine Risse auftreten und jeder War- 
ss mezyklus aus einem ersten Zeitraum des Haltens bei -30^0 uber 30 Minuten, einem zweiten Zeitraum des Erhohens 

der Temperatur auf 80**C innertialb von drei Minuten. einem dritten Zeitraum des Haitens auf 80^0 uber 30 Minuten 
und einem vierten Zeitraum des Senkens der Temperatur auf -30**C innerhalb von drei Minuten besteht 
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4. Verblndungskonstruktion, umfassend einen Gegenstand aus Glas nach Anspruch 1 . 

wobei an ein Verbindungstell des Metallelements ein Kabel angeschlossen ist und das Kabel und der elektrisch 
leitende Beschichtungsfilm elektrisch miteinander verbunden sind. 

Revendications 

1. Article de verre (2). avec un Element mdtaliique (5) qui lui est joint, comprenant : 

un film de revStement 6lectroconducteur (3) form6 sur au moins une partle d'une surface de Tarticle de verre 
en culsant une pate d'argent qui inclut des particules d'Ag et une f ritte de verre, 

dans lequel T^l^ment mStallique (5) comprend une partie formant jambage (5c) ayant deux plans de jonction 
(5a, 5b) et reliant les deux plans de jonction et une partie de connexion (5d) faisant sailfie vers le haut depuis 
la partie formant jambage, 

les deux plans dejonctions de r6l6ment m^tallique sent fix^s sur le film de revdtement 6lectroconducteur avec 
un aliiage de soudure sans plomb contenant du Sn comme composant principal, et 

dans lequel par un essai de traction dans lequel I'^ISment mStalilque est tir6 vers le haut, Tarticle de verre et 
r6l6ment mStaliique sent rompus du fait de la cassure, non d'une partie de jonction soud^e utilisant I'alliage de 
soudure sans plomb, mais ptutdt d'une partie inteme de Particle de verre au voislnage de la partie de jonction. 
caract6ris6 en ce que 

ralliage de soudure sans plomb est un aliiage d base de Sn-Ag qui contient de 2 & 4 % d'Ag en masse, et un 
contenu de 0 ,5% ou moins en masse d'autres composants mineurs autres que le Sn et I'Ag dans Talliage k 
base de Sn-Ag, et 

dans lequel I'alRage h base de Sn-Ag a une temperature de fiquidus de 230'*C ou moins, et la difference de la 
temperature de liquidus et d'une temperature de solldus de TalBage ^ base de Sn-Ag est de 1 0'^C ou moins, et 
dans lequel une surface totale des deux plans de jonction est dans une plage de 40 mm^ & 45 mm^. 

2. Article de verre selon la revendtcation 1 , 

dans lequel le film de revStement eiectroconducteur constitue une antenne ou un desembueur. 

3. Article de verre selon la revendication 1 ou 2, 

dans lequel par rapport k chacun des deux plans de jonction, un volume de Taliiage de soudure sans plomb est de 
1 ,0 ^ 2,0 fois le produit d'une surface du plan de jonction concerne et d'une epaisseur de I'alliage de soudure sans 
plomb, et 

dans lequel aucune craquelure n'apparaTt dans I'article en verre apr§s 500 fois un cycle thermique, et chaque cycle 
thermique consiste en une premiere p6riode de maintien de 30 minutes d -30**C, une seconde p6riode de montee 
de temperature k 80"* C en trois minutes, une troisi^me periode maintien de 30 minutes k 80*'C, et une quatrieme 
perlode de diminution de temperature k -30^0 en trois minutes. 

4. Structure de jonction, comprenant un article de verre selon la revendication 1 , 

dans lequel un cable est connecte k une partie de connexion de reiement metalRque, et le c&ble et le film de 
revetement eiectroconducteur sont connectes eiectriquement ensemble. 
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